. The remagnetization has been ascribed to both VRM [Kent, 1985] and to CRM [e.g., McCabe et al., 1989] . If the remagnetization is a CRM carded by authigenic magnetite, then the process of formation of magnetite must be one of crystallization via fluids at a time corresponding to the age of remagnetization. On the other hand, if the remanence is a VRM, the magnetite is older than the magnetization and may well be primary (e.g., detrital).
Oliver [1986] used data from a variety of sources to hypothesize that fluids were expelled from the active plate margin during the Al!eghenian orogeny, and that they flowed through crustal sediments toward the west. Among the data utilized by Oliver were palcomagnetic results from a variety of sources that showed that remagnefization was A!leghenian in age. Bachtadse et al., 1987] . Such magnetite was commonly found to be in the form of spheres having rough surfaces and being a few micrometers in diameter; the shape and composition of such spheres implied an authigenic origin.
The evidence for an authigenic origin for magnetite in limestones remained indirect and unconvincing, however, especially in that magnetite had not been observed in situ. We therefore initiated a program of characterization of such magnetite that is based on using scanning and scanning transmission electron microscopy (SEM and STEM) to locate and characterize magnetite directly in limestones, as well as to study separates using these and other methods such as X-ray diffraction (XRD).
Sample Localities and Methods of Characterization
Carbonates, for which paleomagnetic data had indicated secondary, Alleghenian remagnetizations, were obtained from several localities Jackson [1990] further studied similar material from New York and concluded that the late Paleozoic remanence is carried principally by single-domain magnetite grains even though coarser-grained magnetite is more abundant.
Sample Preparation and Study Methods
in order to determine the textural relations among magnetite and its coexisting phases, SEM observations were carded out using polished thin sections. The thin sections were prepared using "sticky wax" as an adhesive so that selected areas could be detached and further thinned using a dimpier and ion mill, in preparation for STEM observations, for which ultra-thin sections are required. A total of 101 samples were prepared would include all kinds of magnetite, several samples were also acid-treated and the resulting insoluble residues fractionated using a hand magnet [Bachtadse et al., 1987 for method]. The magnetic separates were then spread on slides or on "holey carbon" -supported Cu grids in preparation for SEM and STEM observations. Crystal structures were characterized for selected separates through X-ray diffraction, using a Gandolfi camera.
Observations were made using a Hitachi S-570 SEM with back-scattered electron (BSE) detector, and a Philips CM-12 STEM. Both instruments are fitted with Kevex Quantum energy dispersive X-ray detectors for chemical analysis. Minerals were first characterized in thin section using BSE imaging as augmented by energy dispersive analysis (EDA), as well as by standard secondary electron imaging (SEI) in order to image surface topography. Ion-milled samples were then used for high resolution TEM and STEM observations. TEM was used to obtain selected area electron diffraction (SAED) patterns in order to differentiate magnetite from other iron oxides, and to provide data on the dimensions of single crystals.
Results

Kn,x
: ,,n,-Grains of magnetic separates were of two kinds, spheres with rough surfaces or irregular grains with a rounded surface which have a botryoidal-like appearance. The spheres were shown to consist of magnetite through X-ray diffraction, whereas EDA using the SEM showed the presence only of iron and oxygen. As spheres of similar appearance had been observed in extracts of samples from east Tennessee and other localities, but never in thin section or associated with other minerals, their source had been subject to question. However, one sphere was found by SEM observations to be encrusted with authigenic K-feldspar, proving that it originated within the rock sample, and implying that it was authigenic in origin.
The non-spherical magnetite grains were readily observed in thin section and clearly showed mineralogical and textural relationships with other authigenic (secondary) minerals such as K-feldspar, dolomite and phyllosilicates. 
New York Carbonates
Magnetite occurring in aggregates with a spherical shape (Figure 2a ) that appear to be pyrite framboids (referred to as pseudoframboids) were observed in thin sections of all New York specimens, and were common in separates (Figure 2b) . 
